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PREFACE

The State of Rhode Island's Coastal Resources Management Council's (CRMC) guiding
principal 1s to "preserve, protect, develop, and where possible restore coastal ecological
systems, and to measure, judge, and regulate any environmental alteration of the coastal
resources." Since ecological systems are the basic functional units of nature, it is nec-
essary to design plans and programs for the protection of each resource. The adopted
policies and regulations of the CRMC state that the Council shall favor non-structural
erosion controls.

The intention of this publication 1s to evaluate and provide an understanding of Rhode
Island's coastal systems, determine past and present impacts of structural erosion controls,
and to provide a range of options for the use of non-structural erosion controls that will
best simulate natural processes and reduce impacts to the coastal zone. The premise of this
handbook is that structural erosion controls generally are visually and physically degrading
to ecologically and environmentally important coastal systems locally and within a broader
scale. The overriding design goal is to make erosion control measutes visually and physically
subordinate within the coastal zone landscape.

There are erosion conditions along isolated sections of the Rhode Island shoreline where
non-structual controls are not wholly appropriate nor effective. 1In such cases, structural
controls must be designed for site specific conditions and evaluated by the CRMC and its staff
to ensure that the proposed structure will effectively control the erosion without causing
adverse impacts on adjoining and nearby shoreline property or the environment.



THE PROBLEM

It has been proven that wind, water, and gravity are the primary factors that encourage erosion with-
in coastal areas. The rate varies according to the slope, soil composition, vegetative cover, meteorolog-
ical conditions, and wave and current velocities. It is a fact that within these coastal areas property is
threatened by erosion, and people invarlably consider structural solutions. People do so without realizing
non-structural methods are less expensive, and 1n the long run, more effective both physically and visual-

ly .

In Rhode Island human activity close to the shoreline will weaken its' capacity to withstand evosion-
al forces. In certain cases where people clear house lots along the coast, the loss of vegetation intensi-
fies the velocity and rate of fresh water runoff, causing the erosion and sedimentation to the shoreline
and adjacent area, and a loss of property will result. Another example cam be seen along the beach where
a jetty has been constructed. Here sand accumulates and restores the immediate area although, the down-
drift zone has been deprived. Therefore, cummulative effects should be considered before any alteration to
the coastal zone has been initiated.

All shoreline systems are dynamlc and change their shape and character in response to storms, cur-=
rents, unnecessary human modifications, and the gradual rise in sea level, therefore, these are unstable
sites for permanent structures.

CRMC field experience has demonstrated that a portion of the public sector is not aware of the fact
that any alteration to the coastline could impact upon that area. The people that should be totally
awvare of this (i.e.,homeowners,contractors,and developers) are not and often times fail to file an 'appli-
cation with the CRMC for shoreline alteration. Normally, 1f non-structural methods of erosion abatement
are used the owner can begin work with a letter of assent from the Council instead of having to go through
the application procedure. Failure to receive CRMC approval prior to commencement of shoreline alteration
work or the installation of shoreline protection facilities will result in delays, possibly legal action,
and otherwise avoidable problems had the party correctly sought Council approval.

It is the intention of this handbook to inform the public of shoreline treatments most acceptable to
the state, based on existing natural conditions.



SOLUTION

In 1972, the Coastal Zone Management Act was passed by the federal government because of an awareness
for potentially adverse effects of intense pressures upon the national coastal zone. It 1s on the state
level of government that specific policles and regulations have been designed to manage the coastal zone
(111lus.1). Theoretically the planning and management processes continue to evolve from basic standards and
criteria. Concurrently, the-Science Of Ecologlcal Planning and the Art Of Landscape Architecture will be
used to evaluate and design solutions for non-structural erosion controls. The Ecological Planning Process
will establish a framework that 1s broad enough to study entire ecosystems as well as examine individual
environments within that ecosystem.

METHOD

TIHE SCIENCE OF ECOLOGICAL PLANNING involves two stages:

1. Inventory of mnatural and cyltural conditions.
2. Synthesis of natural and cultural conditilonus.

THE ART OF LANDSCAPE ARCHITECTURE includes:

1. Evaluation of acsthetic enviromment based on aesthetic criteria,
2, Selection and ‘adaptation of preferred design solutions.

The preferred design solutions are based on the idea of ecosystem management and are clearly- cognizant of
cultural needs. '



NON STRUCTURAL CRITERIA

A survey of Narragansett Bays' shoreline in 1979, revealed that along a quarter of the shoreline
natural features had been replaced by man-made gtructures. Most of the construction on the shoreline that
has taken place in the last two decades is an attempt at '"erosilon prevention", undertaken at great cost
by private owners. Unfortv.ately, many of the people who have built bulkheads or rip-rapped their shore-
front with fitted stone or concrete do not realize that most of the erosion in the Bay takes place during
major storms and hurricanes and that their structures will not withstand even a “ten year storm" of high
intensity. These same structures, however, are usually more elaborate than what 1s necessary tao check the
small scale erosion that takes place between major storms (1).

Vegetation as a means of erosion abatement is more efficient than structural methods and is by far
less. expensive.

If a comparitive cost analysis was done for constructing a bulkhead or rip-rapping as opposed to
planting and maintaining vegetation the results would be totally in favor of planting vegetatlon. While
doing so, the cost of reconstruction after a major storm should be kept in mind.

Not only 18 the use of vegetation as a means for erosion control less expensive, but it also provides
for wildlife needs. With the proper selection of plant species, food, shelter, and breeding habitats can be
provided for local species.

4



AESTHETIC CRITERIA

"AESTHETICS" 1s defined as a branch of philosophy concerned with that which is beautiful in art and
nature.

The aesthetic quality of Rhode Island's coastal systems is based on and characterized by landform,
water, and vegetation. Each coastal system offers unique varlety and vividness. Varlety is seen and vivid-
ness 1s perceived as a strong, clear Impression on the senses, Varlety and vividness 1s derived from
terrain patterns, presence of water, weather characteristics, vegetational pattern, and cultural land use
patterns. Uniqueness is determined by the composition of space, form, texture, and color of any given
coastal unit. :

Since coastal systems are considered aesthetic resources they are visual or sensory attributes of a
landscape, and have a value distinct from that of the practical utility of ecological functions of the
resource. The protection of aesthetlc resources, along the coastline, would reinforce the wise management
of biological and ecological resources, and would maintain and enhance the visual .nd perceptive qualilties
that these resources provide. Management of the environment for its aesthetic aad ecological attributes is
a valid concern for everyone.

Any physically placed cultural .influence prevalent within a, or along a coastal system forms a basils
for aesthetic judgement. Cultural influences alter the unlque quallity, and unity of a particular landscape
unit. Unity alteration is degrading to Rhode Island's coastal landscape.
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GEOLOGY

Approximately 12,000 yrs. ago durling the last ice age, in the Tertlary and Pleistocene Periods, R.I.
was a series of hills and valleys with rivers flowing toward a sea whose shore lay off what is now Block
Island. As the glacler moved southward, it covered the land with ice as much as a mile thick, scouring and
scraping the land to create the gentle contours characteristic to the R.I. landscape. As the glaclier re-
treated, vast quantities of boulders, sands, and sediments where deposited over the land and into the
river valley that now underlies Narragansett Bay (2).

A large variety of shoreline types can be found along the coastal edge of Rhode Island. Sandy barrier
beaches can be found along the southern shorelines. These landforms act as natural buffers that protect

the coastal wetlands directly inland. This southwestern shoreline 1s generally composed of glacial outwash.
(111us.2).

Along the southeastern coastline starting in Newport, large cliffs of bedrock prevail forming a jagged
shoreline, and in places sandy beaches have formed from eroded bedrock and other sediments., East aloung
Little Compton, and in Tiverton, easily erodeable shorelines of glacial till exist (i1lus.3). Wide sandy
beaches are found along the ocean shore at Bonnet Shores, and between the southern headlands of Middle-
toun. There are a few sandy beaches inside Narragansett Bay where longshore currents have bullt small
barrier spits across shallow embayments and cuspate beaches such as Conimicut Point. The most common
shoreline in the state is a narrow shoreline of till backed by a scarp. The scarp is often unvegetated.
The shorelines of Beavertail and Common Fence Polint are made of soft rock that is easlly erodible. Brenton
Pt., 13 made of a hard granite and metamorphic rock that is by far the most resistant to erosion. Another
category of shoreline is common in sheltered waters, where sediments are likely to accumulate. llere salt
marshes flourish. If undisturbed salt marshes are capable of laying down a layer of peat, composed of



dead plant material, that permits the living marsh to grow upward'nnd keep pace with the rising sea level.
in some old and well-estahlished marshes, the peat may be several feet thick.

HYDROLOGY

Glaclers have dramatlc effects on sea level. When New England's surface water was in the form of lce,
the oceans were much smaller. During the last glacler, the Wisconson, sea level in this reglon was about
300 fe. lower than it 1s today. As the ice melted sea level rose and advanced inland. The rise due to both
a slow Increase in the volume of water 1n the ocean and to a gradual sinking in the New England land mass.
The present rate of rise in sea level may seem insignificant, but it should be kept in mind that much of
the shoreline is low-lying and that a vertical rise of 1 ft, may account for an inland advance of thirty
or more feet.

Raiunfall in R.I. averages 3 ft. per yr., and river discharge peaks in March and April. With the in-
creasing development of paved upland surfaces discharge into rivers and streams is greatly accelerated and
can coutribute to the rise in sea level.

Some scientists conclude that the increase in carbon dloxide in the worlda' atmosphere caused by the
rapid burning of fossil fuels in this century may cause a warming trend. This could melt more ice at the
poles and rapidly accelerate the rise in sea level worldwide. Others argue that the carbon dioxide levels
are not great enough, or it may only serve to forestall the period of climatic cooling that will precede
the next era of glaclation (3). |

RHODE ISLAND COASTLINE

‘I'he Rhode Island coastline, like others, is never still. To the casual observer this seewms obvious
since the water conditions are ever changing. Tide and waves, storm and calm are the dynamics that can go
unnotlced. But there are other actions revealed to a slightly more perceptive observer. Certainly, thils
does not make the coast different in kind from all other places on earth, but the rate of change 1s always
faster. Since the coastal zone is only a narrow band at the junction of land and seca, it makes the rela-
tive importance of change a serious matter, not only to man, but to the survival of the intricate and pro-
ductive systems of plants and animals that are found there. Like man, these organisms have contihuously
adapted to the coastal dynamics. The balance between the organlzed blological arrangements and the chang-
ing face of the coast are often delicate when seen agalnst the extremes of energy released through storms,
sweeplng ocean currents, and large tidal increases.
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To better appreciate the conditions of coastal exlstence, it is helpful to think of the coast as the
meeting and mixing place where fundamental forces and substances from both land and sea are joilned. Every
day of every year materials are blown or washed from the land's surface and carried down to the water's
edge. The constant renewal of the meteorological and hydrological systems powered by solar energy and gra-
vitational forces guarantee the transport of the earths' materials to the oceans will continue. Contalned
in the flows of waters and winds are sands, silts, clays, and organic particles along with dissolved chem-
ical compounds from the land. These substances may accumulate in higher concentrations as they are trans-
ported to coastal waters thus increasing the load for eventual deposition to the oceans. This land to sea
movement contributes basic material for the building of coastal forms, and 1a the source of salts and
chemical nutrients necessary to the health of coastal and oceanlec ecosystems.

Unfortunately, not all materials transported from land to coastal waters are benign and beneficial.

The same forces that carry chemical nutrients such as nitrogen, phosphorous, calcium, iron, potassium, and
others also move the waste products of human endeavor to the coast. These waste substances are often haxu-—

ful etther because they are over-concentrations of otherwise useful and needed materials or because they
are directly toxic to living things. When the land-derived materlals enter the coastal areas, the currents,
tides, and waves of the coastal waters provide the transport system for distribution and dilutiomn. This
action of transport from places of origin or concentration to places richly endowed with nutrients and food
sources spreads the chemical basis for blological productivity along the coastal zone and outward to the
ocean. :

River outfalls, coastal wetlands, and estuarles are singularly important areas for which nutrients
and food are removed. Many of the currents transporting materials from the outfalls carry them long dis-
tances. Less dramatic, but equally important are the local currents and dally tides (illus.4).
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Tn nany ways, it 1s the effects of day-to-day stresses of wlnds, waves,tides, and currents rather than
major storms that are the physical factors which determine the biologle systems occupying different loca-
tions along the coast and from coast to open sea. It 1is the high and low levels of tide that determine the
zonation of plant and animal species on all shores, It is the depth of disturbance of waves coupled with
turbidity that limits the growth of subtidal organisms on the floor of the sea. It is the shape and compo-
sition of the water's floor, in combination with coastal currents and tides that influence specles of fish
in their choice of habitats. It is the patterns of flow, the circulations, and mixing of fresh and saline
waters in the estuaries: and coastal ponds, that fix the locations of shellfish beds or the spawning
areas of other mollusks (clams and scallops), crustaceans (crabs and lobsters), and fish. And it is the -
transport and dilution of both benificial and harmful chemicals and sediments by coastal and ocean cur-
rents that in large part determine the level of productivity of coastal ecosystems.(4),

The dynamics of a coastal area are therefore, essentlal to its' ecological well-belng.
TIDES & WIND

The forces of the sea originate in the sun and the woon. The sun causes alr movements, winds, and
helps the moon create the tidal rise and fall of the ocean surface. Alr movements originate with temperva-
ture changes. The sun heats the earth, the waters of the earth, and the air around the earth, but this
heating 18 not uniform. The air in some parts of the earth is heated more than that in other places. The
warmer, lighter air rises, causing a zone of reduced pressure; winds result as colder, denser alr moves
into this zone (5). '

The moon and to a lesser extent theisun, creates the tides of the sea. During full moon days and two
days thereafter the tide averages its highest provided there 1s no meteorologic influences. This 1is also
true during new moon periods. This tide level is referred to as "Mean High Water Spring",MHWS. On other
days the highest limit line is, MHW. The low tide limits are just the opposite with "Mean Low Water Spring",
MLWS, and MIW. The mean tide level is generally that of mean sea level.

In Rhode Island tidal fluctuations vary from a hetght of 3.6 ft. at the southern portions of the
state, where the Narragansett Bay and the Sakonnet Rivers meet the otean, to 4.6 in the upper, narthern,
zanes of these areas. Although, when high energy storms are present the water level can e*ceed the height
of an average high tide in places by 10-12 feet (1).

!

Together, the sun and moon generate the tides because they attract the water masses in the same way
that the earth attracts objects near its surface. Because of this gravitational force and the fact that the
sun, moon, and earth are always in wotion with relation to each other, the waters of the ocean basins are



set in motion. Once the water masses of the oceans have been set in motion, they create the tldes and
currents (5).

WAVES

The familiar waves of the sea are "wind waves" generated by winds blowing over the water. They may
vary in size from ripples on a coastal pond to large ocean waves. Wind waves cause most of the damage to
shorelines. Another type of wave ,the tsunaml, 1s created by earthquakes or other large disturbances on the
ocean bottom, but fortunately they do not occur frequently along the Rhode Island coastline. Wind waves,
known as osclillatory waves, are usually defined by helght, length, and period (111lus.5).Wave period 1s the
time between successive crests passing over a given point.

WAVE LENG{H-

WAVF/ AHNZACT KFIleLf)

0

When waves move over the water, only the form and energy of the waves move forward. Advance of the
wave form causes oscillatory motions of the individual water particles. These particles describe clrcular
orbits in deep water with each particle returning to its original position after passage of the wave. ‘The
diameters of the circles decrease with depth from a dlameter at the surface equal to the wave height.
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In shallow water the orblital movements become flattened, and at the bottom, 1if the water depth 1s sﬁallow,
sediments begin to shift (i1lus.6).

o
v
~

'6.

The height, length, and period of waves are determined by the distance the generatling wind blows over
the water, and the length that it blows. The fetch is therefore, the determining factor for wave develop-
ment. Generally, the longer the fetch, the stronger the wind, and the longer the time that the wind blows
over the water, the larger the waves will be. If winds of a local storm blow toward the coast, the genera-
ted waves will reach the local shore in essentially the form in which they are generated. 1f the waves are

generated by a distant storm, they may travel through many miles of cdalm water and decay as a result.
Waves that have under-gone thls type of change will redch the shore as relatively long, low waves (5).

CURRENTS & SURGES

Currents are created in the oceans, adjacent bays, and tidal marshes when the water in one area becomes
higher than the other. Water in the higher zone flows toward the other and a current begins. Causes of



differential movement are tides, wind, waves, and stream and river flow into the ocean. Changes 1n water
temperature also cause changes in water density and produce currents such ag the Gulf Stream.

As the wind blows over tiue water 1t creates stress, and the water particles move in the same direction
as the wind. Thus, a surf .ce current is created. When the water hits a barrier, such as land, a storm"
surge"is experienced. Its velocity depends on wind speed, direction, fetch, and water depth. "Storm surges"
on the north Atlantic coast rise to a lesser degree than than that on the shallower southern Gulf coast.

Waves create a current known as the "“longshore current" when they approach the beach at an angle.
These currents are responsible for the transport of sediments along the littoral zome (6).

LITTORAL  TRANSPORT

Littoral transport i1s defined as the movement of sediments in the nearshore zone by waves and currents
and is divided into two general classes: transport parallel to the shore, longshore transport, and trang-
port perpendicular to the shore, onshore-offshore transport. This transport is distinguished from the mat-
erial moved, which 1s called "l1ittoral drift" (11llus.7).

Onshore -offshore transport is determined primarily by wave steepneds, sediment size, and beach slope.
In general, high steep waves move material offshore, and low waves of long period, move material oushore.
Longshore transport results from the stirring up of sediment by the breaking wave, and the movement of
this sediment by the component of the wave in an alongshore direction, and by the longshore current gener-
ated by the breaking wave. The direction of longshore transport 1s directly related to the direction of
wave approach, and the angle of the wave to the shore. The average annual net rate of littoral transport
at a given place is falrly regular from year to year unless the shoreline has been altered by some sort of
structure that eliminates or reduces the supply of sand. Obviously, the rate depends on local shore condi-
tions and alignment as well as the energy and direction of wave action in the area (6).

NATURAL STABILIZERS

Despite the potential for shoreline erosion along the R. I. coastline, the growth of bilological com-
munities on shore and in the intertidal zones help to stabilize the shifting coastline., The successful es-
tablishment of 1living communities of plants and animals 1s very important to these areaa. Beach grasses and
shrub comnunities protect against wind and water induced erosion along barrler beaches and beachs. Salt
marsh communities cushion some of the intertidal areas against the full forces of storm-driven water. In
all instances, the presence of healthy vegetation 18 a natural mechanism providing a more stable base for
the plants themselves, fostering a physically stronger blologlc community, and allowing for the expansion

15



| LITIDRAL  TRAMSPURT

of the community along 1ts margins. The dynamic mix of matural forces along the coast slows the development
of large, highly productive and relatively permanent coastal ecosystems. Some R.I. salt marshes, for
instance, have taken thousands of years to grow to thelr present size, All the while, they are subject to
the physical stresses of changing weather, water movement, and dramatic changes in sea level. Yet they sur-
vive and grow.'In addition to their value as habitat and sources of primary productivity, natural land-
forms, barrier beaches, dunes, beaches, and salt marshes, in the coastal zone provide significant protec-—
tion from coastal storms, flooding, and erosion. Beaches and marshes also, didsipate destructive storm :
waves over their gradual slopes. Dune systems, if stabilized by beach grasses and other binding vegetatiou,
prevent direct wave attack against inland areas. Barrier beaches protect both mainland development and the
salt marshes and productive habitat between them and the mainland.

In order to function effectively as natural buffers, however, these landforms and the natural proces—
ses which link them together must remain relatively free from alterations which would disturb their
natural state of “dynamic" equilibrium. For example 1f natural erosion of one beach is providing sediment
material via 1ittoral transport that is eventually deposited on another beach farther downcoast, it will be
important to prevent any action to retard erosion of the upcoast beach from lwpeding the flow of sand



to the downcoast beach. As another example, barrier beaches migrate slowly inland and downcoast, but this
movement allows them to maintain thelr elevation and protective capablility relative to rising sea level
and storm forces., Only monumental climatic alteration or geologlc change would be sufficient to destroy or
damage the natural resiliance of the coastal ecosystems were it not for the presence of man.

Pressure for development of sensitive buffer areas for resldential, commerclal or recreational uses
has been significant in the past, resulting in substantial losses of property during major north-
east storms and hurricanes, and impairing the ability of these buffers to protect inland development and
other unique aspects of the coastal zone. These man-induced stresses, however, are not simply occasional;
they are widespread and becoming more frequent.

ECOSYSYTEM MANAGEMENT

The concept that ecosystems recognizes that all life is interconnected and interdependent. It rests on
the understanding that there 1s an organization among plants and animals in response to thelr physical en-
vironment that promotes optimal efficiency in capturing, storing, and transforming the energy and chemical
elements essential for 1life and growth within the group of organisms living in a given area. Since this
process occurs both worldwide and locally, it 1s possible to think of something as large as one global eco-
system or as small as the group of plants and animals livingon one type of rock in the intertidal zone. The
fundamental physical and chemical conditions in the environment make 1t possible or fmpossible for particu-=
lar organisms to survive in a particular place. It is for this reason that the living world exhibits such
varlety; species occupylng any one place are only those that are adapted to functioning together in their
local conditions of sunlight, physical forces, and chemicale (4).

Modern coastal management depends on growing knowledge of ecosystems as the basis for decision making.
Such knowledpge 1s also essential to all levels of private and public planning for land and resource use,
unlike earlier management techniques that focused efforts on whole ecosystems. Changes in
any one, part of the ecosystem, however small or remote,cause alterations in all other parts, and sets the
pace for management.

The coastal zone of Rhode Island has several types of coastal ecosystems, barrier beaches, sand dunes,

beaches, salt marshes, barrier wetlands,and cliffs, ledges, and bluffs. While the major elements of each
ecosystem are known, and the principals that govern the physical and blological interactions of each are
understood, there is still a need for the physical protection of these vitally important natural resources.
Ultimately, it will be the degree to which lmproved knowledge of the coastal systems can be disseminated
to, and consistently applied by, all coastal zone users and decision makers that will preserve Rhode
Island's coastal resources in the future. ’

17



- VEGETATION .. EROSION ABATEMENT

There are two methods by which erosion can be controlled, either permanent or temporary. Temporary
erosion controls are those that are implemented until permanent control has become established.

Nature has provided ftself with the most efficlent means of erosion contreol, that being vepgetatlon.
Where there i1s a falrly good cover of surface vegetation, along R.I.'s shoreline and adjacent slopes,
the ground 1s stable. Where there 1s little or no surface vegetation, these areas are unstable and prone °
to erosion, The foliage and branches intercept rain that would otherwise fall directly on a slope, their
roots bound and stabilize soll, and their fallen leaves and dead twigs reduce the rate of overland water
flow, Since indlgenous plant species are the most adapted to these areas their chance of survival is far
greater than those introduced from foreign places. It 1s a fact that Indigenous plant species require lit-
tle to no maintenance after they have become established.

Planting vegetation on highly erodeable steep slopes is hard to acheive, therefore 1t 18 here where
vegetation should be left in its natural state. Eventhough planting on steep slopes is difficult, with
the proper knowledge and procedures it is highly possible to acheive with good results. With the avallabil-
ity of water becoming a problem more and more people are using indigenous plants that are more adapted to
coastal soils and the climatiec conditions that prevall. :

A setting of native shrubs and trees grown naturally and informally can look very neat and appeallng
without demanding care. In fact, limiting maintenance 1s important to the plants survival. Leaf cover, for
example, should be left on the ground under the plants to decompose and bulld up organic content within the
soll. This alds water retention, recycles nutrients, and reduces the risk of erosion. Indigenous plant
species require virtually no pesticides. Chemical insecticides can be counter-productive and deprive the
landscape of its natural vitality. Bugs are important to nature and all are not at odds with landscape
objectives. If no hard chemical pesticitdes are used, temporary inconveniences in the landscape may result
but that 1s the way nature operates and it 1s best accepted,

Landscaping with plants that would grow naturally without care or encrgy subsidy will support the
design and function of the landscape requiring a minimum of supplemental care. This practice not only helps
to fight the forces of erosion, but also conserves energy by limiting the need for pesticides, fertillzers,
and water, all of which require fossil Fuels for processing and delivery. The balance of natural systems
and all the creatures of nature who depend on a quality functioning natural environment are also protected.
A well designed native landscape can help to stop erosion, require limited maintenance, and look the way
it is naturally supposed to, once established.

18



SELECTION

The usual method for Introducing shrubq and trees is by planting. Seeding 1s undesireable because
of establislment time, cost, and difficulty: of germination. Planting has the advantage of allowlng the
plant to be placed in the exact position requlred to glve both physical and visual protection immediately.
The rapid drying, especlally of steep slopes, makes these sltes even more unfavourable for direct seeding.
Therefore, the selection of appropriate plant materlal 18 necessary.

Plant material can be obtalned as seed; bare-root, balled and bhurlapped, or containef grown.

Direct seeding, 1s most often done with grasses in spring and late summer or early In the fall.
Seeding is difficult on slopes because of the lack of water. When Seeding 1s done
during periods of rain the chauce of eroslon is greatly increased. For a comprehensive
procedure and listing of grass types refer to the state of Rhode Island's, Soil
Conservation Service,"Sediment Control Handhook'.

Bare~-root plants, are those that have no soll under thelr roots, Great care must be taken to be sure
that the roots do not dry during planting. Bare root plaints: should Ve dug and re-
planted onlyiwhen they are dormant,

Balled and burlépped plants, are those that are dug in a nursery with a ball of soil around their
roots that 18 held in place with a burlap wrapping.

Container grown plants, are those that are produced in the nursery in a container and sold in that
form,

The selection of plant species should be governed by the selection of materials appropriate to the
site. All plant material chosen should be 6f normal health and vigor, there survival depends on it.Listed
are standards set forth by the, American Nurserymen's Assoclattion:

1. The general condition of plant material should be:

a. Unlformity of leaf coloration.

b. Dormant plants should exhibit firm,moist,and uniformly placed buds.

c. Plants should have uniform twig and leaf growth on top and sides,including their base.
d. Generally,plants of the same species should exhibit the same growth habit. ‘
e. Balled and burlapped plants should have a firm root ball of relatively good alze. .



2. Check individual plants for for freedom of defects.

a. Decay. Look for spots of rotten tissue on the main stem and branches.

b. Sunscald. Look for areas on bark that 1s differing In color,usually on the south or west side.

c. Abrasions of the bark. _ '

d. Girdling roots that are close to bhe surface and ¢irdling the trunk vr wain stem.

e. Improper pruning. Stubs left are point of entry for Insects and disease.If cuts are made they should
be flush with trunk, or 1f on branch 1t sliould be back to the bud, .

f. Frost eracks. Long vertical splits in the bark on south and southwest side. Entry for fungi and
bacteria.

g. Signs of injury. Dead leaves,and Elower buds,die back of twlgs and branches;blackened sapwood;
sunken patches of discolored bark,sunscald,on -trunk or limbs.

3. Check individual plants for freedom of diseases and insects.

a. Diseases. WL1l appear 1n 